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THE INFLUENCE OF TURBINE SHUTDOWN STATE IN A
HYDROPOWER STATION ON THE INITIALS VALUES OF
WATER HAMMER WITH THE METHOD OF BERGERON

The studies of changes in values hammer, compared to its initial values,
are a real problem for researchers hydraulics, due to complex and
multi parameters that come into play, in this work we will put the
fingers on a specific phenomenon operation of hydropower stations,
reflecting the case of a simultaneous stopping of a turbine (valve) or
other turbines are shut down for technical reasons or exploitation
slump to meet a minimum requirement requiring the operation of a
turbine to regulate the storage of water, the consequences resulting
from such operations result in changes to local pressures and flows in
the system considered, to understand the problem we will analyze with
the method of Bergeron.
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INTRODUCTION:

Generators are the main hydroelectric energy source on the network,
faults can occur on the hydraulic or the generator itself, optimal operation is
expected to master as soon as possible all faults related to the operating
system and water hammer that can be caused extensive damage. It poses a
very important for researchers, especially in branched networks. This article
will discuss a case of well-defined phenomenon which is the study of
variations in pressure and flow

PROBLEM:

The influence of turbine shutdown state in a hydropower station on the
initial values of the hammer, in a system where a single turbine in
operation, this problem specific to the operation of hydropower stations,
reflecting the case a simultaneous shutdown of one or more turbines for
technical reasons or exploitation slump to meet a minimum requirement
requiring the operation of a turbine to regulate the water storage Designed
for drinking water that for irrigation, the consequences resulting from such
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operations result in changes to local pressures and flows in the
system under consideration:

The calculation of the variation of pressure and flow is through the
graphical method Bergeron.

CALCULATION HYPOTHESES:

(@]

Réservoir V, Réservoir]
Conduite fa LT
V—> vy w2 V= |B

Fig. 1. Schéma 01 Fig. 2. Schéma 02
Assumption of the proposed system:
1. The losses are zero.
2. The lengths of secondary pipes identical.
3. Sections of the secondary lines are identical.
4. The angular coefficients of the secondary pipes are equal.
5. The length of the main pipe extremely large compared to the
secondary pipes.
6. The slopes of the pipes are zero.
CALCULATION OF DATA:
Initial conditions Q=5 and H = Hg
a=tana=(c/g.5)
With:
a: slope of the main duct
S: section of the main pipe;
c: the speed waveform in the main duct;
g: acceleration of gravity;
a;=a; =az=a, = a; =g (c/9.5,);
ay, a,, az and a4 angular coefficients of secondary lines A, B, C and D
successively (in all proposed schemes).
Si, S,, Sz and S4: secondary pipes sections A, B, C and D successively (in
all proposed schemes).
C1, Cy, C3 and c4: wave velocities in the secondary lines A, B, C and D
successively (in all proposed schemes).
DEFINITION OF THE METHOD:
Bergeron method allows to determine the hydraulic pressure variations
and flow due to water hammer without explaining analytically the nature of
the wave. We develop below the graphical method has the merit of being
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very simple when you understand the construction mechanism.

CONSTRUCTION CHART:

To begin construction of the blueprint, you must know:

a) the initial direction of the flow before the disturbance;

b) the point and time of departure of the observer, that is to say, Qq, Ho
and t,.

c) the direction of travel of the observer in order to conduct draw the
line of Bergeron after the starting point.

d) characteristic of the device at the other end of the pipe at time t; = t,
+ L / c. In other words, we must build, at time t = t;, the curve H = f (Q) of
the device (tank, turbine) that meet the observer when he arrives at the end
of the line.

To avoid errors in the construction graph, we often mark the point of
intersection with a number and a letter directly representative of the transit
time of the observer and the device it encounters. The unit of time used is in

principle @ = 2l / ¢ and origin of the disturbance is denoted by & =0.

APPLIQUATION OF THE METHOD OF BERGERON:

Réservoi
S5 f F
—>Vv b <]
X < AX

A A

<
Yy v

Fig. 3. Propagation of the pressure waves F and f

Consider the system of Fig. 3:
A main line length (I) and a flow rate (Qo), the ends: upstream, it is
connected to a reservoir (R) and downstream, a junction at the point M, a

line (M) and (Mg) which the lengths of these lines (I, = 1) and (1 >1, 1,),

the downstream ends of the two pipes, turbines exist.

At point A, the initial state, the turbine is always open (ga = Qo)

At point B, the initial state, the turbine is still closed (gg = o)

Assuming the slopes of the lines (main, A and B) | = 0 is zero, and the
losses are negligible.

At t =0, the turbine at point A is closed abruptly.

CONDUCT A:

175



Bunyck 3(63) 2013 p. Cepin « Texniuni naykuy

Observer from M at time t= 0.56 with a velocity (speed of the wave
line A) where the flow starts to vary where M (H = HO and q = Qy), in a
wave A f and arrived at the moment 16 (point Al) it returns to M with the
same speed always next wave F, M and arrives at the moment1.58 (point
Mos) it back to A along a wave f (point A,) amounts to M at the instant
2.56 (point M, 5) and so on.

LINE B:

The second observer from B at the instant t = & with a velocity (speed
of the wave B of the pipe), the flow begins to change when B (H = Hy and ¢
=0), in awave F and M arrived at the moment 1.56 (point Mys) it returns
to M with the same speed always next wave f, and reaches B in earnest
260 (point By), he returned to M following a wave f (point M) returns to
B at the moment 2.56 and so

From the third observer.

WATERMAIN:

Rattimet= & . with a speed (speed of the wave of the main pipe) in
the flow begins to vary where M (H = Hq and g = Qy), the observer does not
return as the main duct is long enough.

GRAPHIC consruction:

1. DIAGRAM N ° 01 (n = 3):
11l.a=1;a2al=3=3;

Fig. 4. Graphical construction method by Bergeron
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Table 01: the results obtained
Temps Conduite A Conduite B Conduite C | Conduite principale
t® | H Q H Q | H[ Q[ H Q

1 15,00 | 0,00 0,00 0,00 0,00

15 5,00 | -3,33 5,00 1,67 | 500 | 1,67 5,00 0,00

2 -5,00 | 0,00 10,00 0,00 |10,00| 0,00

2,5 5,00 3,33 5,00 -167 | 500 |-1,67| 5,00 0,00

3 15,00 | 0,00 0,00 0,00 | 0,00 | 0,00

35 15,0000 -3,33 5,00 1,67 | 500 | 167 | 5,00 0,00

4 -5,00 | 0,00 | 10,00 0,00 |10,00| 0,00

4,5 5,00 3,33 5,00 -1,67 | 500 | -1,67 | 5,00 0,00

5 15,00 | 0,00 0,00 0,00 | 0,00 | 0,00

1. a=1; ;=2 ;a,=2:

Fig. 5. Graphical construction method by Bergeron

Table N°02 : the results obtained

Temps | Conduite A Conduite B Conduite C Conduite principale

t(9) H Q H Q H Q H Q
1 10,00 | 0,00 | 0,00 | 0,00 - 0,00

15 4,00 |-3,00]| 4,00 | 2,00 4,00 | 2,00 4,00 1,00
2 -2,00 | 0,00 | 800 | 0,00 8,00 | 0,00

2,5 480 | 340 | 480 | - 160 | 480 |-1,60 4,80 0,20
3 11,60 | 0,00 | 1,60 | 0,00 1,60 | 0,00

3,5 496 |-332] 49 | 1,68 496 | 1,68 4,96 0,04
4 -1,68 | 0,00 | 832 | 0,00 8,32 | 0,00

4,5 499 |3334| 499 | - 166 | 499 |-1,66 4,99 0,01
5 11,66 | 0,00 | 1,66 | 0,00 1,66 | 0,00
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2. a=1; a;=4;a,=4:
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Fig. 6. Construction graphique par la méthode Bergeron
Table N°03 : the results obtained

Temps | Conduite A Conduite B Conduite C | Conduite principale

t(0) H Q H Q H Q H Q
1 15,00 | 0,00 | 0,00 | 0,00 | 0.00 | 0,00

15 500 | -3,33|500| 167 | 500 | 1,67 5,00 0,00
2 -5,00| 0,00 |10,00| 0,00 |10,00| 0,00

2,5 5,00 | 3,33 | 500 | -1,67 | 500 | -1,67 | 5,00 0,00
3 15,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00

3,5 500 |[-333|500]| 167 |500 ]| 167 5,00 0,00
4 -5,00| 0,00 {10,00| 0,00 |10,00| 0,00

4,5 5,00 | 3,33 | 500 | -1,67 | 500 | -1,67 | 5,00 0,00
5 15,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00

1. SCHEMAS N°02 (n=4):

1.1. a=1; a;=4 ; a,=4:

Fig. 7. Graphical construction method by Bergeron
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Table N°04 : the results obtained
Temps Conduite A | Conduite B | Conduite C | Conduite D ;mﬂg:ﬁ}
‘@1l n] o |H] e fH]l e |H] @ H]Q
1 16,00 | 0,00 | 0,00 | 0,00 - 0,00 - 0,00
15 4,00 | -3,00 [4,00| 1,00 |4,00| 1,00 [4,00| 1,00 |4,00]|0,00
2 -8,00 | 0,00 |8,00| 0,00 |8,00| 0,00 |8,00| 0,00
2,5 4,00 | 3,00 [400| -1,00 | 4,00| -1,00 | 4,00 | -1,00 |4,00]| 0,00
3 16,00 | 0,00 [0,00| 0,00 [0,00f 0,00 |0O,00| 0,00
35 4,00 | -3,00 {400 1,00 | 4,00 1,00 |4,00| 1,00 |4,00]0,00
4 [-800] 000 [800[ 0,00 |800] 000 [800] 0,00
4,5 4,00 | 3,00 [400]| -1,00 [ 4,00 -1,00 | 4,00 | -1,00 |4,00]0,00
5 16,00 | 0,00 |0,00| 0,00 |0,00| 0,00 |0,00| 0,00
12 a=1; a;=3;a,=3:
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Fig. 8. Graphical construction method by Bergeron
Table N°05 : the results obtained
Temps | Conduite A | Conduite B | Conduite C | Conduite D Cpnd_wte
t(0) principale
Q H Q H Q H Q H | Q
1 12,00 | 0,0000 | 0,00 | 0,00 - 0,00 - 0,00
1,5 349 | -286 | 349 | 1,15 | 3,43 | 1,14 | 3,49 | 1,146 | 3,43 | 0,57
2 -5,14 | 0,00 | 6,86 | 0,00 | 6,86 | 0,00 | 6,86 | 0,006
2,5 392 | 3,02 [392]|-098|392|-098]| 392 |-1.00] 3,92 |0,08
3 12,98 | 0,00 | 0,98 | 0,00 | 0,98 | 0,00 | 1.00 | 0,00
3,5 3,99 | -3.00 | 3,99 | 1,00 | 4.00 | 1,00 | 400 | 1,00 | 400 |0,01
4 -5,00 | 0,00 | 7.00 | 0,00 | 7.00 | 0,00 | 7.00 | 0,00
4,5 4.00 | 3,00 | 4.00|-099]| 4.00 | -1.00 | 4.00 |-1.00| 4.00 | 0,00
5 13.00| 0,00 | 1.00| 0,00 | 1.00 | 0,00 | 1.00 | 0,00
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1.3. a=1; a;=5; a,=5b:
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Fig. VII1. Graphical construction method by Bergeron
Table N°06 : the results obtained
. . - . Conduite
Temps | Conduite A Conduite B | Conduite C | Conduite D principale
‘T T o [n]Q|nlQ [H[Q[H[Q

1 [20,00] 000 [000[000| - [000] - [0,00
15 | 444 | -311 | 444 | 0,89 4,44 0,89 | 4,44 | 1.00 | 4,44 | -0,44
2 [-11,11] 0,00 | 8,89 | 0,00 [8,89] 0,01 | 8,89 | 0,00
25 | 395 | 301 | 395][-099395[-099] 3,95 [-0,99(395] 0,05
3 | 19,01 | 0,00 |-0,99 | 0,00 |-0,99] 0,00 [ -0,99 | 0,00
35 | 4,00 |-300 | 401 | 1.00 [4,00] 1.00 | 4,01 | 1.00 [4,00] 0,00
4 |-11,00] 0,0 | 9.00 | 0,00 |9.00 0,00 | 9.00 | 0,00
45 | 400 | 300 | 400 [-1.00]4.00-1.00 | 4.00 |-1.00[4.00] 0,00
5 | 19,00 0,00 |-1.00 0,00 |-1.00] 0,00 | -1.00 | 0,00

CONCLUSION:
Following the results obtained it can be deduced graphically a
relationship between the change in pressure and flow for different values of

n", as a function of time:

AH,. = (a+2,/1)Q,.4(L5) ®)
With:
AH,, ,; : The change of pressure (load) as a function of time.

a;: the angular coefficient of the secondary pipe.
a: the slope of the main pipe.
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n: number of laterals.
Q,.1(L,5) : The change in flow rate over time.

This equation can be used to find out the amount of change of the load
in each line.The application of the graphic method Bergeron gave the results
values of pressure variations and flows in the proposed systems

Following the analysis of the results, we note the following points:

1. In the case where the number of branching (n) is equal to the angular
coefficient of the secondary pipes (a; = n), it was found that there is a
conservation of the initial values of pressure surges in the different time
intervals, ¢ . A.D. values of pressure and flow remained stable baseline
(A H=0).

2. In the case where the number of branching (n) is greater than the
angular coefficient of secondary lines (n> a;), it was found that there is a
variation in pressure and flow compared to baseline, this variation continues
until 'that the system is an equilibrium state at time t = 4.50.

Pressures in the pipe ends (points A, B, C and D) to increase when the
system is steady state ie when the value of the main duct flow approaches
nearer and nearer the flow amount zero.

3. In the case where the number of branching (n) is less than the angular
coefficient of the secondary pipes (n <a,), it was found that there is always a
change of flow and pressure relative to the initial values, the variation
continues to which the system takes its equilibrium state ie when the value
of the main duct flow approaches nearer and nearer the flow amount zero.

a. Pressures in the ends of the pipe at point A to decrease when the
system is steady state ie when the value of the main duct flow approaches
nearer and nearer the value of the zero flow, the pressure decreases from an
initial value ((A; = (¢, / g) Vo) to a value As= ((ci/g) Vo- A H).

Pressures in the pipe ends (points B, C and D) to increase when the
system is steady state ie when the value of the main duct flow approaches
nearer and nearer the value of the zero flow, the pressure rises from an
initial value ((B1 = (c, / g) Vo) to a value B5= ((c,/g) Vo+ A H).

b. The pressures in the point (M), ie the branch point, vary with
alternating (larger value to a smaller value), this variation is continued until
the flow rate is zero.

1. Allievi L. Air Chambers for Discharge Pipes / traslated by Amer. Soc. Mech.
Engrs. — Vol. 59, Nov. 1937. — Pages 651-659. 2. Bergeron L. Méthode graphique
générale de calcul des propagations d'ondes planes / Soc des ING. Civils de France.
Vol. 90. — 1937. — Pp. 407-497. 3. Bergeron L. Variations de régime dans les
conduites d'eau / Comptes Rendus des Travaux de la Soc. Hydrotechnique de
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France. — 1931. 4. Parmakian J. Waterhammer Analysis / J. Parmakian. — Prentice-
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®pap Aui, 1.1T.H., npodecop (YHiBepcurer betHa, Amxup),
I'epacumos I'. T, K.T.H., fouent (HamioHampHHUI YHIBEPCHTET BOIHOTO
rOCIONapCTBa Ta IMPUPOAOKOPUCTYBAHHS BUKOPUCTAHHS, M. PiBHE),
Xadain Slcin, acnipant (Yuisepcurer betna, Amxup)

AHAJII3 BIUIMBY 3YIIMHKHA TYPBIHU I'EC HA ITIAPAMETPH
I'TAPABJIYHOI'O YJAPY METOJOM BEPXKXEPOHA

JocaigkeHHs 3MiHM 3Ha4YeHb IapaMeTpiB riipaBaivyHOro yaapy B mo-
PiBHSIHHI 3 iX MepPBiCHUMHU 3HAYEHHAMM SIBJISAIOTH CO0010 peajibHY MPo-
0J1eMy JUIS1 AOCTiAHUKIB, OCKIJILKH TiApaB/IiuyHi IapaMeTpH € KOMILIeK-
CHUMH i ckaagHuMu. /laHa po6oTa cTocyeTbes cnenu@ivyHnX sIBULY
eKkcIuIyaTauii riipoeseKkTpocTaHuiii, siki 00yMoBJIeHi 0JHOYACHUMHU
3yNMHKaMHU TYpOiH, B TOH yac sIK pemiTa TypOiH 3aKpHUTi 3 TEXHIYHUX
NPpUYMH 200 Yepe3 eKCIVIyATAUIMHMI clIaJl HABAHTAMKEHHA i 3 MeTOK0
pery/jiloBaHHs Ta 30epiranns Boau. B naniii crarri onucaHni Hacaiaku
3MiHHU pesKUMiB po00OTH 00/1aJHAHHA B BUIVISAAI 3MiHU MicueBMX THCKIB
i morokiB B cucremi. Lli Ta iHmi npo6aeMu 0y/10 npoaHaizoBaHo 3a
aonomororo merony bep:xkepona.

Kurouogi ciioBa: rinpasiaiynuii yaap, rizpoenekrpocranuis, meroxa be-
pikepoHa.

®pap Ain, A.T.H., npodeccop (Yuusepcuret batHa, AiKup),

I'epacumos I'. T'., K.T.H., 1oneHT (HannoHaIbHBIN YHHBEPCUTET BOIHOTO
XO3SICTBA U MPUPOJIONIONIB30BaHKS UCIIONB30BaHuUs, T. POBHO),

Xadgana SAcun, acnupant (YHusepcuret batHa, Amkup)

AHAJIN3 BJIUAHUA OTKJIIOYEHUSA TYPBUHBI I'C HA
MHAPAMETPBI 'NIPABJIMYECKOI'O YAAPA METOAOM
BEP)KEPOHA

HcciienoBanue n3MeHeHus 3HaYeHUI MapaMeTPOB rHAPABJIHYECKOI0
ylapa B CpPaBHEHHUH € UX MePBOHAYAIbHBIMHU 3HAYEHUSIMH, MPeICTAB-
JIFIIOT ¢000¥i peaibHYI0 IPOGJeMy AJIs1 UccaeaoBaTeeil, MOCKOIbKY I'i-
JApaBJIMYeCKHe MapaMeTPhbl IBJISIOTCA KOMIUIEKCHBIMU M CJI0KHbIMU. B
JAHHOI padoTe 3aTparuBalTCcs cnenuduyecKue ABJICHAs IKCILTyaTa-
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MM THPOIEKTPOCTAHLMIA, KOTOPBIe 00yCJI0BIEHBI OJHOBPEMEHHBIMHI
OTKJIIOYEHUSAMH TYPpOMH (3aKPBLITHSIMH 3aTBOPOB), B TO BpeMs KaK 0cC-
TaJbHbIe TYPOMHBI 3AKPBITHI 110 TEXHUYECKHM NPUYHHAM WJIH M3-32
IKCIIYaTAMOHHOIO CNIa/la HATPY3KHU U B LeJIAX PeryJHpPOBaHUsA M CO-
XpaHeHHs BoJbl. B faHHON cTaThe ONMCAHBI NOCJIEICTBUA H3MEHEHUSs
pesKUMOB padoThl 060PYAOBAHNS B BUAe H3MEHEHHs MECTHBIX /IaBJle-
HUI ¥ TOTOKOB B ccTeMe. DTH M Apyrue npodJjeMsl ObLIH MPOAHAIHN-
3MPOBaHBI ¢ IOMOIILIO MeTola Bepikepona.

KaroueBble ci1oBa: rugpaBiandeckuii yaap, ruipo3/1eKTPOCTaAHIUs, Me-
Toa Bepikepona.
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